Bad Hair Day: Testosterone and Wnts  by Nelson, Amanda M. & Garza, Luis A.
mice, which is essential for HSV-1-
speciﬁc CTL priming. The authors sug-
gest that activation via RANK–RANKL
interaction in TG skin prevents HSV-1-
induced LC apoptosis. Indeed, they
conﬁrmed that even 4 days after infec-
tion almost all Langerin-positive cells
were viable, based on decreased levels
of caspase-3 and negative TUNEL stain-
ing. In addition, increased numbers of
these cells isolated from TG mice down-
regulate E-cadherin (Klenner et al.,
2015). However, the authors failed to
show conclusively that these cells are
LCs, because CD209 is also expressed
by CD103+ dermal DCs, and because
depletion of LCs using the Langerin-
diphtheria toxin receptor mouse model
also destroyed them.
Previously, RANKL has been impli-
cated in immune regulation and bone
homeostasis. Miyahira et al. (2003)
showed that administration of soluble
RANKL protein markedly enhanced the
induction of antigen-speciﬁc CTL in
Trypanosoma cruzi infection. In the
study reported by Klenner et al.
(2015), the authors demonstrated that
local treatment of WT mice with soluble
RANKL is sufﬁcient to reduce disease
severity shown by a decrease in skin
lesions and virus replication to the level
seen in TG mice. Thereby, the authors
identify an interesting therapeutic
approach that may reduce skin lesion
severity and accelerate wound healing.
HSV-1 infection is a signiﬁcant public
health problem, one that affects millions
worldwide. Despite our growing under-
standing of the interactions between
DCs and HSV-1 and the importance of
immunity in primary and recurrent
infections, our ability to eliminate the
virus or to prevent further spread is still
limited. Vaccines are potentially the
best tools for achieving this goal; hence,
a more comprehensive study of HSV-1
immunization is important (Nikolic and
Piguet, 2010). In conclusion, this study
by the Loser group provides important
insight into the priming and execution
of anti-viral immunity to local HSV-1
infection, and it opens new avenues for
the use of RANKL as an adjuvant in viral
vaccinations.
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Bad Hair Day: Testosterone and Wnts
Amanda M. Nelson1 and Luis A. Garza2
Androgens have an important role in normal skin physiology, as well as in the
pathogenesis of many skin conditions, such as acne vulgaris, hirsutism, and
androgenic alopecia. Kretzchumar et al. (2015) investigate the relationship
between androgen receptor (AR) signaling and β-catenin/Wnt signaling path-
ways in murine hair follicles.
Journal of Investigative Dermatology (2015) 135, 2567–2569. doi:10.1038/jid.2015.304
The paradoxical role of androgens in
hair follicle biology is not completely
understood: androgens trigger hair
development at puberty but androgenic
alopecia (AGA) in later life. In this issue,
Kretzchumar et al. (2015) explore the
inhibitory role of androgens by deﬁning
a reciprocal relationship between
activated β-catenin/Wnt and AR
signaling within the hair follicle. Their
work identiﬁes AR as a negative
regulator of B-catenin signaling, a key
signaling pathway in hair cycling and
development.
The AR belongs to the superfamily of
nuclear hormone receptors. Upon bind-
ing to the AR, testosterone or its more
potent product, 5α-dihydrotestosterone
(5α-DHT), undergoes a conformational
change, and the ligand/AR complex
translocates from the cytosol to the
nucleus where it controls transcription
of AR target genes. The activity of AR is
controlled by coregulatory proteins that
inﬂuence ligand speciﬁcity and DNA-
binding capacity (Heinlein and Chang,
2002a). However, the AR may also
trigger rapid, non-genomic effects when
present in the cytoplasm, including
activation of the mitogen-activated pro-
tein kinase cascade and regulation of
intracellular calcium levels (Heinlein
and Chang, 2002b).
The AR is widely expressed in the
skin and, in particular, within the
androgen-responsive skin appendages:
sweat glands, sebaceous glands, and
hair follicles. Numerous studies have
characterized AR expression in the skin,
although a true consensus on AR expre-
ssion within the skin and its speciﬁc cell
types is lacking, as the results vary,
depending on the models, reagents, and
methods used to detect its expression
(i.e., qPCR or immunohistochemistry,
human vs. mouse). As pointed out by
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Kretzchumar et al. (2015), differences
likely also exist between AR activity in
mouse and human skin.
Cutaneous androgen metabolism
occurs within sweat glands, sebaceous
glands, and hair follicles where andro-
gens are synthesized de novo from




produced by the adrenal gland. All
isoforms of the enzymes required to
produce and degrade testosterone and
5α-DHT are present within the pilose-
baceous unit. These include steroid
sulfatase, 3β-hydroxysterioid dehydro-
genase (HSD), 17β-HSD, 5α-reductase,
3α-HSD, and aromatase. The expression
and activity of these enzymes varies
between males and females, body loca-
tion (scalp versus face), and even
anatomical structure (hair follicle versus
sebaceous gland). For example, type 1
5α-reductase is expressed predomi-
nantly within the sebaceous gland,
whereas type 2 5α-reductase is located
in hair follicles. Differences in expres-
sion and activity of these enzymes
indicate a tight regulatory process for
androgen metabolism within the skin.
For a detailed review of androgen
metabolism in the skin, see Chen,
et al., 2002.
The β-catenin/Wnt signaling pathway
is critical to the development of both
hair follicles and sebaceous glands.
Epidermal stem cells reside within the
bulge region of the pilosebaceous
unit and can give rise to progeny
that differentiate along multiple
cell lineages, including epidermal and
follicular keratinocytes as well as sebac-
eous glands. As daughter cells migrate
from the bulge region, the Wnt/wingless
(Wnt) and Sonic Hedgehog (Shh) signal-
ing pathways are intricately involved in
these cell fate decisions. Cells destined
to become sebocytes have increased
Shh and Myc signaling and decreased
Wnt signaling, whereas cells destined to
become hair follicles have increased β-
catenin/Wnt signaling. In transgenic
mouse models, intact Wnt signaling
promotes hair follicle differentiation,
whereas inhibition of Wnt signaling
through the prevention of Lef1/β-cate-
nin interaction leads to sebocyte
differentiation. Similarly, inactivating
mutations in LEF1 are commonly found
in sebaceous tumors. (Takeda et al.,
2006) Regulation of the β-catenin/Wnt
signaling pathway is key.
In their manuscript, Kretzchumar et al.
(2015), investigate the relation-
ship between AR signaling and
β-catenin/wnt signaling in mouse hair
follicle bulb cells. The authors chara-
cterize the expression of β- catenin and
AR within the epidermis and the dermis,
concentrating on the hair follicle. They
observe that AR and β-catenin display
almost reciprocal patterns of
expression––such that, when β-catenin
is expressed within the nucleus, AR is
localized to the cytoplasm and vice
versa. These ﬁndings are especially
notable during the anagen phase of the
cell cycle, during which nuclear
expression of β-catenin was localized
to the upper bulb cells of the hair
follicle, whereas AR expression was
limited to the dermal papillae cells.
During the telogen and catagen
phases, β-catenin was absent from the
nucleus in hair follicle bulb cells, but AR
was detected. This shift in subcellular
location highlights the potential
importance of each signaling pathway
controlling the phases of the hair cycle.
To study the role of AR modulation of
β-catenin expression and activity, the
authors used a combination of in vitro
and in vivomethods. In cell culture, they
transfect immortalized sebocytes (Seb-
E6E7) with the TOPFLASH Wnt reporter
system, as sebaceous glands are highly
responsive to androgens. They also treat
transgenic mouse lines with conditional
activated β- catenin (ΔK5ΔNβ-cateni-
nER, ΔK14ΔNβ-cateninER, and
ΔK15ΔNβ-cateninER) with a combina-
tion of testosterone, an AR activator, or
bicalutamide, a potent AR antagonist.
Altogether, their data strongly implicate
AR as a negative regulator of β-catenin/
Wnt-dependent transcription.
These ﬁndings bring up some inter-
esting points. First, what is the balance
of AR regulation in hair follicle and
sebaceous gland development? The
roles that androgens have in the devel-
opment and growth of sebaceous
glands, sebum production, and acne
vulgaris are well established (Pochi and
Strauss, 1969). Wnt signaling is
decreased within progenitor cells that
develop into sebocytes (Takeda et al.,
2006). As the data shown by
Kretzchumar et al. (2015, this issue)
demonstrate one mechanism by which
androgens may contribute to sebaceous
gland hyperplasia is through inhibition
of the Wnt signaling pathway.
However, sebaceous gland hyperplasia
was a more subtle ﬁnding in the present
study. This is likely because the authors
concentrated on androgen treatment
effects on the hair follicle and during
continuous β-catenin signaling. Future
studies focused on the sebaceous gland
response, which employ the strategy of
combining genetic models (like loss-of-
function β-catenin) with pharmacologic
treatments (such as androgen agonists
and antagonists) may be interesting.
What are the clinical implications of
this work? Androgens stimulate terminal
beard hair, axillary hair, and pubic hair
growth after puberty, yet trigger follicle
miniaturization in AGA in later life—the
androgen paradox. This paradox can be
extended to the present work: is regula-
tion of β-catenin/Wnt pathway by AR in
these two polar opposite conditions
different? With the high levels of andro-
gens detected within the hair follicle
bulb in AGA, it is likely that β-catenin/
Wnt signaling is inhibited, consistent
with the enlarged sebaceous glands
observed in AGA-affected scalp. In
contrast, during puberty in the axillae,
e.g., modiﬁed androgen metabolism and
signaling likely allow for preferential
development of hair follicles over sebac-
eous glands. Additional work is still
needed to fully understand the androgen
paradox.
Besides the above, the mechanistic
insights provided by Kretzchumar et al.
(2015, this issue), open new biologic
questions and therapeutic avenues for
the treatment of hair and sebaceous
gland disorders. What is the detailed
mechanism by which testosterone
antagonizes the β-catenin pathway
here? As suggested by Kretzchumar
et al., it is most likely an indirect
mechanism. Prostaglandins are possibly
one underexplored area for this
indirect regulation. For example, the
Ptgs/PGE2 pathway is implicated gastric
tumorigenesis by increasing activation
of the Wnt signaling pathway.
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Prostaglandins also inﬂuence the hair
cycle, with prostaglandin F2a (PGF2α)
triggering eyelash growth, whereas
prostaglandin D2 decreases hair growth
and is also signiﬁcantly elevated in bald
scalp of AGA (Garza et al., 2012). In
several contexts an enzyme that
synthesizes PGD2 (Ptgds) has been
shown to be induced by testosterone.
As different prostaglandins have
opposing biological effects, PGD2 may
mediate testosterone inhibition of Wnt
signaling in AGA. Future studies are
needed to test this hypothesis.
Androgens inﬂuence many physiolo-
gical processes including the develop-
ment of the immune, nervous, skeletal,
and muscle systems (Chang et al., 2013).
In addition to all the traditional effects on
the skin (i.e., development of acne and
AGA), androgens also have a key role in
wound healing. In mouse models in
which AR signaling is inhibited by
castration, 5α-reductase inhibition, or
AR-null mice, wound healing was accel-
erated (Ashcroft and Mills, 2002). The
ﬁndings by Kretzchumar et al., (2015)
may provide the explanation for this
accelerated wound healing in the
absence of AR, in that β-catenin/Wnt
signaling is critical for wound repair
(Bielefeld et al., 2013). It is interesting
to speculate that AR roles in other
physiological processes may be tied to
its role as a β-catenin/Wnt inhibitor.
All in all, using a combination of
in vitro and in vivomodels, Kretzchumar
et al. (2015), provided us with
mechanistic insight into the roles of
androgens and β-catenin/Wnt signaling
in mouse hair follicles. With follow-up
and conﬁrmatory studies in humans, we
may be one step closer to understanding
the full pathology associated with
androgen-mediated skin diseases.
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Clinical Implications
● Testosterone antagonizes the Wnt pathway, which is important for hair
function.
● Inhibition of testosterone can enhance Wnt pathway activity.
● While not universally applicable, these results suggest possible mechan-
isms of androgenetic alopecia pathogenesis.
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Filamin A Mediates Wound Closure
by Promoting Elastic Deformation and
Maintenance of Tension in the
Collagen Matrix
Geoffrey C. Gurtner1 and Victor W. Wong1
Fibroblasts have a central role in wound healing via matrix production,
remodeling, and contraction. Their role as mechanoresponsive cells during
tissue repair is evident, but the molecular mechanisms of this process remain
uncertain. Filamin A, an intracellular protein that stabilizes the actin cytoskeleton
regulates ﬁbroblast-matrix interactions. Fibroblast defects in cytoskeletal
dynamics may underlie key aspects of chronic wound pathophysiology.
Journal of Investigative Dermatology (2015) 135, 2569–2571. doi:10.1038/jid.2015.327
Chronic wound burden
Impairments in the cutaneous response
to injury can result in chronic wounds, a
growing global health burden exacer-
bated by the rise of diabetic, obese, and
elderly populations. In the United States
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